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Governor Leavitt recently called for a
state=wide ;.:r:'-'.'.'rh aymmit to ook at
pressures on transportation, waber
and open space as Utah's cities and
towns face unprecedented growth in
the 19405
looked when considering how land is
This [Hrec-
b= I*.._'r.p.,-._ﬁ'.'u collumin s farmed
over to Bill Lund and Gary Chnsten-
son, UGS Deputy Director and Ap
|*-||-:'-.| ".u'l'-|-.l:.'l:\-. |"|-.l:..'ir'.'.|::'. .".'I.ma...'.rr. FE=

Amn issue commonly over-

usid is peologic hazards

spectively, w b Eln-]l.n-.'-.l the follow-
ing LIS commmentary bor Liovernor
Leavitt's consideration on the use of
open space to mitigate geclogic haz
ards. [ believe it represents a win
win situation for Utah and its cibi

FETIS.
PRESERVING OPEMN SPACE

An Effective Means to
Mitigate Geologic Hazards

W, B Lund and G. E. Christenson

Utah is experiencing rapid growth
and urbanization, particularly along
the Wasatch Front and in the south
western part of the state. With
growth have come pressures: pres-
sure to build in attractive but often
hazardous arcas ancd pressure to
maintain Ltah's rural
By carefully selecting amnd

uncroww died
life-stvle
preserving areas of open space, it is
possible to simultaneously mitigate
Certain :._'||_'|'|| weie hazards and create
the open environment so important
to Utah's residents
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The Director’s
Perspective

by M. Lee Allison

Among the geologic hazards that can
be avoided through the careful desig-
nation of open space are active faults,
|.||1|.‘|-u||-.||'-_ |'-|-.l|:'||'||l. qoils, debris
flows, and floods. Areas "-\-I.'.|:l|l.'l\.|. 4]
these hazards have been identified
along much of the Wasatch Front and
in many other parts of the state
Some geologic-hazard areas already
have been wisely designated as open
Fault Line Park in Salt Laks

City provides a prodective sethack for

'-I"'.I-\.l'

|;'\-|,||||,|':':_'-. .||-.|1'|;,; thie Waszatch fault
Rotary Glen Park at the mouth of
Emigration Canyon was established
in part o provide a buffer for land-
slide hazards along the bluff sputh of
Emigration Creek. The flood plain of
the Virgin Kiver through 5t Georgs
was designated the Virgin River
Parkway both to reduce floed hae
ards and to provide a natural area
suttable for hiking and biking. In
California, open space is used exten-
sively o mitigate geologic hazards.
Active fault zones eSpix 1ally are noww
easily identified in recently devel
opd areas by the distribution of

parks, golf courses, and natural areas

Development in hazard areas re-
..,||_|i|'|_'-. detatlied :._"|'|'|l 5 gstudy. fol-
lowed by often expensive and some
limes risky hazard=reduction mies
qures. In many instances, greater i
corporation of open space into deve
opment plans could effectively mit
mate (pvodd) hazards and contribute
to an open, un uttered environrment.
Ihe net etfect would be a cost zavings
bBath o the }'l.:l"h. anmd :.‘-‘-'"-.:I:- SCHOrs,
Utah's citizens, and

preabter saleEly DF

presery abion of an '.':'I.'l'lf 1Tl -|-pl.'l.|

of the Lltah wavy of hife
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Ground-water Studies
in the Applied Geology Program

by Gary E. Christenson and Mike Lowe

Background

The Applied Geology P'rogram (AGP)
performs geologic-hazards and
ground-water studies to help protect
the health and safety of Utah citizens.
The balance between these bwo types
of studies and the scope of projects
have varied over the years. In the
19705 and early 1980s, emphasis was
on site-specific studies of both types,
miostly for local governments and
state agencies. Most ground-water
projects at that time involved helping
local governments site wells and de-
velop springs; advising city /county
health departments and the Utah De-
partment of Health's then Division of
Environmental Health in siting waste-
disposal facilities (septic tanks, land-
fills, lagoons); and assessing the po-
tential for ground-water contamina-
tion, mostly from septic tanks, Pro-
jects were chiefly site-specific to an-
swer immediate questions.

As the former Division of Environ-
mienital Health (nosw the Department
of Environmental Quality [DEC])
began hiring their own geologists in
the mid-1980=s, their need for assis-
tance in ground-water studies de-
clined, Additionally, the Utah Divi-
sions of Water Resources (DWHRe) and
Water Rights (DWEi), the Litah State
University Water Research Lab
(LWELY}, and the U5, Geological Sur-
vey (USGS) Water Resources Division
(WELD) were all actively involved in
ground-water studies, so our empha-
sis shifted toward shallesw ground

water as a flood and geotechnical haz-

ard and away from water respurce
and contamination issues, At about
the same time, the USGS Mational
Earthquake Hazards Reduction Pro-
gram began along the Wasatch Front,
and for the next decade our emphasis
was principally on geologic hazards.

As Utah's population has growmn, par-
ticularly in areas once rural, such as
Summit and Washington Counties,
the meed to identify and better mane-
age water resources has also grown.
This need has highlighted the value of
detailed geologic information for un-
derstanding ground-water flow and
vilnerability o contamination, ancd
for administering new regulations to
protect ground-water resources, Rec-
ognizing the need for timely, accurate
geologic information in ground-water
atudie=s, the Utah Gmalugi.{'.,ﬂ 5|.||"|.'1_-_l..'
(LGS) decided in 1994 o re-emipha-
size ground-water studies in the AGP.
Two of six AGF geologists and two
contract-funded geologists, along
with gﬂ.‘dlll_‘q‘hnii_‘h}ﬁ m_lF:lE:u_rrh now per-
form these studies,

Description

The UGS performs ground-water
studies to protect the health and pro-
vide for the water needs of Utah cila-
zens by helping identify and protect
ground-water resources, We provide
technical assistance to state and local
governments on issues related to
ground water, and identify and fill
ground-water information needs,

Technical assistance to stabe and local
governments includes identifying re-

sources that may range from regional
studies at basin-wide scales to siting
of water wells, Assistance in protect-
ing resources includes delineating
drinking water source protection
areas, recharge-area mapping, site
evaluation for waste-disposal facili-
ties, mapping areas for suitable waste
disposal, and water-quality evalua-
tion to identify potential sources of
contamination,

LGS studies to date have identified
several ground-water-information
gaps which we hope to fill in the fu-
ture, Improving our understanding
of fracture-flow aquifers will allow
more accurate delineation of recharge
areas and protection zones for the
large number of wells and springs in
fractured-rock aquifers. A quantita-
tive basis for determining the poten-
tial for contamination from septic-
tank soil-absorption syvstems, based
on the density of systems amd Jor set-
back distances from surface water or
wr.'“:»:-, % msedlesd. The ".'l.llllt'l‘:'lhi.lil:_'!." (]
contaminabion of .i|.1.|1.|i|"|,_'ru h}' .'lg:r.il.‘ul-
tural pesticides and fertilizers is also
poorly understood in Utah,

Conclusion

The U5 is bringing a needed dimen-
sion to understanding Utah's ground-
water resources, The following arti-
cles discuss the various types of stud-
ies we are undertaking and give ex-
amples of studies presently under-
way. We look forward to continued
cooperation with Utah's other water
agencies in assessing and protecting
our irreplaceable ground water.



Protecting Utah’s
Public Water Supplies

SURVEY MOTES

An Example from Southeastern Box Elder County

by Mike Lowe, Mark E. Jensen, Charles E. Bishop, and Bea H. Mayes

Utah's Drinking Water Source Pro-
tection Program

The Wellhead Prodection [:'ru!;r.::m_.
adminisbered '|'l_1.-' ther LIS, Emviron
mental Protection Agency, was autho-
rized by the 1986 Amendments to the
Safe Drinking Water Act. This pro-
Sram assisls states and local ROVErn-
ments in prove 'i"';l-'. areas around
their public-water-supply wells {or
springs) from contaminants adversely
affecting human health {Safe Drinking
Water Act, section 1428[a]). Ome criti-
cal element of a wellhead protection
program is delineating a scientifically
valid protection area around a well or
spring. Public-supply springs are in-
cluded in Utah's program (called the
Drinking Water Source Protection
IDWSP] Program) because about 785
springs supply water to 325 public-
water systems in Utah.

The Utah DWSI® Program, which is
managed by the Utah Department of
Environmental Chuality’s Dhivision of
Drinking Water (DDW), specifies four
protection zones, Zone 1 is a 100-foot
fixed radius around the wellhead or
spring collection area; zones 2, 3, and
4 are based on ground-water Hime-of-
travel (250 days, three years, and 15
years, respectively) or ground-water
flow boundaries. The Utah DWSP
Program requires that public-water
"-\.LEFFII-II.'I."\ Lit-w._'ll.:lF:l H I'I'L.I.I:L.I."_:‘l_‘ﬂ'lh,':l'll p]g:n
for each of !|1:_= r}wﬁl‘ Fal g L ]1||.;|'|i_~1'
levels of management are required in
zones closer to the well or spring,
The management plan should in-

clisde: (1) a mhapy anmd I.!:"!'H!'III"'II:II'l ol
the DWSP zones, (20 a list of the -
tential souirces of contamination
within the DWSI* zones, and (31 a
plan tor controlling sources of conta-
mination within the zones.

As a service 0 local ROVETT menis
with limited resources, the Utah Geo-
logical Survey (UGS) delineates
DWSP zones for cities and towns
with populations of 3,300 or less for a
fee of 3500 plus expenses. We design
and conduct aquifer tests with the
\:L"'it:,':l“-il“‘l‘li_'r"h assistance, and inter-
pret the test data to determine what
areas should be im the DWWSI® zones.
Local governments that qualify for
this service are encouraged to contact

the DDW or UGS,

Delineation of DWSP fones for
Wells in South Willard,
Southeastern Box Elder County

Ihe South Willard Water Company
SWWLUD requested that the DDW and
LUilss delineate DW5SP zones for bwo of
their public-water-supply wells out of
concern that a local Kr.!rl.'l-l."il opera-
bon might cause water-quality degra-
dation in the aquifer. The wells, re-
ferred to as the “old well™ and “new
well " are located in southeastern Box
Elder County at the base of the
Wasatch Bange

Hydrogenlogy

Surficial sediments at the old well
consist of sand, silt, and clay deposit-
ed in Pleistocene-age Lake Bonneville.

Mike Lotire,
gevlogial with
the ..-'5Il|'l_rll'|'r'|:ll Crenl-
oy Progrens
gince 1989, coor-

dinales our
groird-ater
prulr'e'e ts, includ-
ing recharge-aren mapping, welllhead
preotection delinettion, and ground-

waler studies in the Snyderville

Basin by Park City) and central Vir-

gin River basin (by 5t Ceorge).

The lacustrine deposits overlie pre-
Lake Bonneville allusvial-fan deposits.
Surficial sediments ab the new well
consist of late Pleistocene to Holocene
alluvial-fan deposits. The Wasatch
Fault zone at the mountain front just
eask of the ew wiell offsets the allu-
-."i._1|-r'.._111 .,h-'|_1|:1'-11'-:. "-.-1.|||:|.' .‘\F"I'LI:LI..':'.‘\. im-
cluding one used for public-water
supply by the SWWC, are along the
fault zone in the vicinity of the new
well. The Precambrian Farmington
l:,_'.=1|'|:..'|,'-n {"u:m]r'l:”-: and the Cambrian
Tintic Quartzite, Ophir Formation,
and Maxfield Limestone crop out in
the Wasatch Range to the east. These
rock units generally dip 20 to 50 de-
grees to the east and are extensively
fractured.

Ground-water movement in the area
is generally westward from the
Wasatch Range toward Cireat Salt
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Lake which is wesl of the wells. The
springs .||4|11:.; thee Wasateh fault zone
east of the new well indicate that
ground water from the Wasatch
Kange is being intercepted and is
probably Aowing to the northwest bo-
ward the well along the more perme-
able fault zome. The Wasatch fault
Fore has been shown bo be a conduant
for |-_'|r||1||1-.| water How elsow here
along the Wasatch Front.

The recharge area for the old well is
the Waszatch Range and alluvial fans
(%] |]'|I.' st TI‘LI' s ]'l-lT:L"I' PN L'n' t|1|.'
new wiell is the Wasatch Bange to the
cast, and localized tlow to the west
and northwest along the Wasatch
fault zone

DWSP-Zone Delineations

To delineate the area from which the
SWWC wells will get their water in
250 days, 3 vears, and 13 vears
[DYWSI zones 2, 3, and 4, respective-
Iy}, we conducted aquifer tests on
each well to determine how efficiently
the aguifers transmit water, The rake
at which water moves through an
agquiter is proportional to its hydraulic
conductivity, measured in units of
length/ time (velocity). We calculated
hydraulic conductivities of 15
feet/dav and &7 feet//day for the old
Based
omn these values, we delineated DWSP
zones 2, 3, and 4 for both wells. Fos
the old well, we took into account in-

and mew wells, respectively

lerterenoe fn:|111 |:|.|'.|r|'".' E1'.J111|"'II1:|_"
Bescamase we beliewve that signits
cant ground-water How toward the
new well from recharge areas in the

winl

Wasatch Range is occurring along the
Wasatch fault zone, the boundary of
zone 4 for the new well is projected
along the fault zone to the southeast
To define zone 4 for the new well, we
conservatively assumed that ground-
water divides in the Wasatch Rangg
are coincident with surface-water ds
vides in the drainages above the new
well, and took the boundary of zone 4

to the Wasatch Range ridge crest. The
gravel-pit operations are not currently
in the protection zones for either well,
inad i ating that the present I\.IE'II.':'.'I'.iI\.l:'lh

are not likely to impact water ||||.|||I_1.
in the wells. IF operations are pro
posed to extend into the protection
wones, their potential impacts need to
b addressed in the midmagermenl
plan

UGS

Bookstore

Map 73, Major Levels of Great Salf
Lake and Lake Bouneville, is back in
print. Mow available for $5.00.

C-89, Guide to Awthors of Geologic
Maps and Text Booklels, is great pub
lication tor those who are interested
in the “how bo"s of geologic mapping.

FREE TICKETS
Come to the UGS Bookstore and
enter the drawing for 2 free tickets
to ome of the four Dinosaur Lectures
(See prge 11 for lechere bopees ard doles. )

. February 9
. . February 16

First L]hl'.'-'ll!'.i'_
Second drawing
February 23

March 1

| hiirdd TawWing

Fourth drawing




Basin-wide Ground-water Studies

Geology and Ground Water in the
Park City Area, Summit County

SURVEY MoOTES

by Mike Lowe, Francis X. Ashland, Charles E. Bishop, and Bea H. Mayes

Introduction

Basin-wide ground-water studies are typically conducted
tor help government agencies identify water resources, ap-
propriate water rights, and protect water quality. Recon-
naissance-level basin-wide studies have been completed
for much of Utah, but many of these studies now need to
be updated with greater emphasis placed on understand-
ing the geology of the area. In May 1994, the Utah Geo-
logical Survey began cooperating on basin-wide studies
with the Division of Water Rights and the US. Geological
Survey. The first such study, an assessment of the rela-
tionship of geology to ground-wabter conditions in the Sny-
derville Basin (Park City area), is nearing completion. Be-
cause the population in the Snyderville Basin is rapidly
growing, the availability of water is a critical factor in de-
termining the potential for future growth.

The Utah ':;-I."'E'I]L:IHJII.".\! Fu:r".'l.':-"r-. rode in the ﬁn:c-:‘ll_*n'i”q* Ba=in
study is to produce cross sections, bazed on compiled geo-
lL‘rgll.' maps and feld data, to hl:lp determine the relation-
ship of geology to ground-water resources in the area.
Geology is important in defining the nature, number, and
three-dimensional extent of aquifers in the Snyderville
Hasin. L;E"I.'FIH'IHF i5 also :|:|:|'|]'H.1|.‘|:.!1'|1 in :Lig'nlll::cinl; ricicha T
areas, estimating water resources, and evaluating interac-
tions between aquifers, Driller's target maps, based on the
cross sections, will be included to show the extent and
depth of the top of the major fractured-rock aquifers.
Maps showing the thickness of the unconsolidated agquifer.,
based on water-well drllers” logs and seismic-refraction
soundings, will also be produced. Later phases of the
study by the U.5. Geological Survey will focus on aguifer
hydrology and water budgets

Hydrogeology of the
Snyderville Basim

Ciround water in the Snyderville Basin is in both unconsol-
idated wvalley fill and fractured rock, although most drink-
ing-water wells draw water from fractured rock. Uncon-
eolidated valley fill in the Snyderville Basin consists pri-
marily of alluvial deposits along drainages and, to a lesser
extent, gl.'l-'.':l..l] |.||.'|'H.:lul:.==. Alluwvial di_"l}ilh“‘}i are the primary
water-yvielding unconsolidated aquifers. The thickness,
permeability, and geometry of valley-fill deposits are their

most important geologic characteristics with respect to
Hl'l:”..ll'llj-'l-\'..'l ler Pesourdes.,

Fractured-rock aquifers in the basin include the Jurassic
Tawin Creek Limestone and "~.||,|.E,-.|;|.'I! Sandatone, Triagsi
Thavnes Formation, and Pennsvivanian Weber Quartzite,
The amount and characteristics of rock discontinuitics,
such as bedding planes, faults, and joints, are the most im-
portant factors in determining the ability of these rocks to

Craterage of the Thaynes Forsmibion west of Pirk City.  LIGS geologists
riadpped this ciclorop o dedernine promisen! fractire reruds i the
Thayres aguitfer

Friomk Ashlsnd mapRg fracture i Hils i the g et Sandstone al a
quarry morth of Park City.
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yield water to wells, and can cause ground-water flow o
be anisotropic. Anisotropic aquifer svstems have a pre-
ferred direction of low along bedding planes or fractures,
The strike, dip, spacing, and openness of discontinuities,
and tvpe and amount of filling in faults and joints are im-
portant geologic characteristics with respect to ground-
water flow in fractured-rock aquifers.

Preliminmary Resulis

Aquifers in the Snyderville Basin include shallow, uncon-
fined aquifers in unconsolidated surficial deposits and
several, isolated fractured-rock aguifers. Unconsolidated
deposits cover most of the study area, but are thin in most
upland areas. In lowland areas the thickness of the de-
posits generally exceeds 40 feet and, based on selsmic-re-
fraction soundings and water-well drillers’ logs, appears
to be as much as 275 feet thick in the southern part of Par-
leys Park. However, the limited extent and thickness of
the unconsolidated aquifers makes them secondary to the
fractured-rock aquiters in terms of their potential for fu-
ture development.

The fractured-rock aquifers in the study area represent a
more complex svstem than the unconsolidated aguifers as
a result of folding, faulting, and fracturing of the rocks.
The fractured-rock aquifers are generally anisotropic and
compartmentalized. The anisotropic character of the
aquifers implies that drawdown cones of wells will be el-
liptical in shape as water is drawn preferentially in the di-

Bew Mayes feught fenchers al e
University of Ulah and Hhe City
Lirmiversity of New York. Currently a
geotechnician in the Applied Section af
UGS, she is active in the Association

for Women Gevscientists, and has vol-
witteered for the Society of Mining,
Metallurgy and Exploration, the Utak
Musenm of Natwral History, and Hre
Nature Conservancy. Ben assists in earthquake, debri-flow,
arud lawidslide studies and creales computer graphics.

rection of the most prominent water-transmitting fracture
tremds. Consideration of fracture patterns and characteris-
tics is critical to understanding the interaction between ad-
jacent wells in anisotropic aguifers, Compartmentaliza-
tion results from both stratigraphic and structural separa-
tion between and within aquifers. We have identified sev-
eral compartmentalized fractured-rock aquifers in the
basin based on this study. Differences in fracture intensity
may cause individual agquifers to be internally compart-
mentalized as well. Production from wells in one aquifer
is unlikely to directly impact wells in an adjacent aquiter,
Separate water budgets and water-management plans may
need o be developed for each aquifer.

S0, you have water uncontrollably seeping into your base-
ment, or you live on a hillside and nature has moved your
fromt walk 30 feet downslope,  If vour under-

Geotechnical consulting firms have engineers and geolo-
gists who are trained to identify and mitigate geologic
hazards {slope instability, shallow ground water, and
earthquake hazards, to list a few). The professional can
recommend and design drainage svstems for home foun-
dations and slopes and can recommend methods to stabi-
lize: slopes and reconstruct vards, Geotechnical consul-
tants can also determineg whether or not the geologic haz-
ard is local {vour property only) or part of a larger
feature with the potential to affect several

standing of geologic processes is limited
and you do not know the cause of the
problem or the financial investment
required for repairs, situations like
these can be frustrating, Profession-
al help to solve the problem is need-
ed, who do you call?

For situations similar to those describaed
above, contact the public works department (engi-
neering, planning, or development services division) of
your city or county. The problem may be one that these
agencies can repair. If the city or county cannot help you,
a geotechnical consultant or consulting firm should be
contacted. Many are listed in the telephone book under
the headings “Geologists” and “Engineers-Geotechnical.”
The home/ property owner should contact several consul-
tants to compare cost estimates on services.

Who do I call?

T,

pivces of property or a neighborhood.

Where does the Utah Geological
Survey (LIGS) fit in? We respond
to emergency calls if a home, prop-
erty, neighborhood, or community
is in life-threatening danger from a
grologic hazard. In these situations, a

city or county may ask the ULS to assess the
hazard, and adwvise them on a eourse of achion. To doc-
ment and understand geologic hazards, the UGS encour-
ages cities, counties, and the public to inform us of events
when they occur so that we may investigate the hazard if
warranted.

More in Hhis series plus other wuseful information can be found af
the Watural Resouirces web sile - Mg e e slate s and
fook for us, the Utah Geological Survey. Our home page is at
http:UTSTDPWWW. stale ub us/~ugs/




Protecting Ground Water
at Its Source through
Recharge-area Mapping

by Mike Lowe and Noah P. Snyder

Introduction

Infiltration of precipitation and sur-
face water in recharge areas is the
source of most ground water in Utah,
Recharge to unconsolidated basin-fill
aquifers may also come from water
moving laterally through consolidated
rock aguifers along basin marging.
Lround-water I‘L-"'t"'l'l.'lr;_gu areas are typi-
cally underlain by highly porous and
permeable fractured rock and Sor
coarse-grained sediment with little
ability to renew contaminated water.
Because contaminants can readily
enter an aquifer svstem in recharge
areas, the :-'ui.l!:i:l'lg ard m1|n;|g1"m:_~nl' aof
|."ﬂ.'|-‘|.-EI'|li..‘i| contaminant sources de-
serves special attention,

Ground-water recharge-area maps
typically show: (1] primary recharge
areas, (2} secondary recharge areas,
and {3) discharge arcas. Primary
recharge aneas, usually consolidated
rock uplands and coarse-grained un-
consolidated deposits along basin
margins, have downward grouncd-
water gradients and do not contain
thick (generally thicker than 20 feet),
continuous, fine-grained sediment or
rock layers. Fine-grained layers thick-
er than 20 feet are present in sec-
ondary recharge areas, but the
ground-waber gradient is still down-
wiard. Ground-water discharge areas
for unconfined aquifers are where the
water table intercepts the groaund sur-
face, creating springs or seeps.
Ground-water discharge areas for
confined aquifers are where the
ground-water gradient in the aquifer

is upward and water is discharging to
a shallow unconfined aguifer above
the upper confining bed. Water from
wells which penetrate confined
aquifers mav flow to the surface natu-
rally fartesian wells) and in all cases
stands in the well above the top of the
aquifer, Studies to define recharge
areas thus require a thorough under-
standing of the geology and hydrolo-
gv of the agquifer system. The geome-
try and relative permeability of geo-
loggic units and levels of water in wells
must be known to determine ground-
water-flow directions. Water-well
drillers’ logs provide important data
tor these studies.

Working in copperation with the Ltah
Drivision of Water Cuality (DWO), the
L5, Geological Survey (USGS) Water
Resources Division (WEDY), and coun-
tv planning and health departments,
the Utah Geological Survey (LIGS) has
recently completed ground-water-
recharge-area maps for Heber and
Round Valleys in Wasatch County,
and Tooele Valley in Tooele County.
With US. Environmental Protection
Agency funding provided through
DW0, we are also mapping recharge
areas for Sanpete Valley, Sanpete
County; the southern Sevier Desert,
Millard County: and Ogden Vallev,
Weber County. Dhscussed below are
the resulis from the Heber, Round,
and Tooele Valley studies and prelim-
inary results from Sanpete Valley.

Heber and Round Valleys

Western Wasatch County, particularly
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Heber Valley, is developing rapidly.
The county’s ground-water supplies
are presently of high quality. Howewy-
er, sanitary sewers serve only a por-
tion of western Wasalch County in
and near Heber City. Elsewhere, sep-
tic-tank soil-absorption systems are
used and can be sources of ground-
water pollution. We mapped ground-
waler recharge areas for the principal
unconsolidated aquifers in Heber and
FEound Valleys so that Wasatch Coun-
ty could include the maps in its peti-
tion to the Utah Water Quality Board,
The purpose of the petition was to of-
ficially classify the quality of the
aquifers to help enact protection
.‘r‘l‘r.i'ltﬂi;i.l,"«i.

Heber and Bound YVallevs contain pre-
dominantly coarse-grained, valley-fill
aquifers, with only localized, discon-
tinuous clay confining layers. Yirtual-
Iy all of Heber and Round Valleys are
primary recharge areas. These factors
make the aguifers vulnerable to conta-
mination. The aquifers discharge
alomg the northern margin of Deer
Creek Reservoir and the
lovwer reaches of streams,
rivers, and canals near
the reservoir.

Wasatch County suc-
ceeded in classifyving
the agquifers as Class
LA (pristine} or Class
I {Drinking Water
Quality). The

recharge-area

MAPS MAay now

oaer the spring!
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be used to define the area where
land-use management to protect
ground-water quality may be needed.

Tooele Valley

Tooele Valley is also experiencing in-
creased development because of its
proximity to Salt Lake City. Much
residential wastewater treatment in
Tooele Valley i in sephic-tank soil-ab-
sorption systems. Some ground-
water contamination has eccurred in
Tooele Valley, but all of the contami-
nation sources have not been identi-
fied. In anticipation of petitioning the
Utah Water Cuality Board to classify
its principal aquifer according to
quality of ground water, Tooele
County requested that the UGS, USGS
WERD, and DWO map ground-waber
recharge and discharge areas and
water quality in Tooele Valley., This
information will provide Tooele
County with a basis for establishing
and enforcing regulations to protect
ground-water quality.

The eastern and western margins of
Tooele Valley and miost of the area
abowve 4,500 feet in elevation in the
southern portion of the valley (includ-
ing Tooele and the Tooele Army
Depot) are primary recharge areas,
Only the northern part of the valley,
which contains fine-grained lacustrine
deposits of the Bonneville and earlier
deep-lake cycles, is a secondary
recharge or discharge area. Little of
the principal agquifer is protected by
thick, continuous, fine-grained confin-
ing lavers, making it vulnerable to
contamination.

Sanpete Valley

Sanpete Valley in central Utah is a
rural area alsp experiencing an in-
crease in residential development and
agriculture, mostly on unconsolidated
valley-fill deposits which are the prin-
cipal drinking-water aquifer for the
vallev. High nitrate levels in ground
water are widespread in Sanpete Val-
ley, where several wells have been
identified with greater than 40 mg/L
mitrate. The maximum contaminant
lewvel (MCL) allowed under state and
federal regulations for nitrate in

el R | vy e adwrer e B (1 e

DISCHARCE AREA,

Cemeralized block diaggram showing relinbion of rechivrge and discharge wreas i a fypical basin-

fill aguifer syshem.

drinking water is 10 mg /L (10 parts
per million), Ground water from a
ity well in Moroni exceeded the
MCL for nitrate during the fall of
1994, Ground water from a city well
in Manti contains about 4.5 mg /L ni-
trake. The origin of the nitrate has not
been determined, but possible sources
are: (1) septic-tank soil-absorption
systems, (2} agricultural fertilizer, {3)
cattle and poultry (mostly turkey)
ranches (feed logs, manure piles), and
(4) naturally occurring nitrate, The
UGS, in cooperation with DWQ, is
producing recharge-area maps for
sanpete Vallev which will allow state
and local officials to determine if po-
bential nitrate sources are located in
recharge areas

The valley fill in Sanpete Valley con-
sists mostly of coalescing alluvial-fan
deposits along the valley margins and
channel and flood-plain deposits of
the San Pitch River and Silver Creck
in the central portions of the valley.
Fine-grained deposits exist at depth
in the central part of the valley. The
valley fill is thickest near the Gunni-

son fault zone along the western mar-
gin of the valley, where some wells
have penetrated unconsolidated sedi-
ments for more than 500 feet before
encountering consolidated rock.

Ground water is mostly under water-
table conditions at the northern end
and along the margins of Sanpete
Valley, but is confined in the center
where there are flowing wells. The
ground water is predominantly fresh
with total-dissolved-solids concentra-
tions less than 1,000 mg/ L. The pri-
mary recharge to the aquifer system
is seepage from streams along the val-
ley margins and at the northern end
of the vallev. Natural discharge is in
thi central part of the valley along the
San Pitch River. Discharge also occurs
from wells. In addition to recharge-
area mapping, the Utah Geological
Survey s planming subsequent work
to sample wells, map water quality,
and identify the sources of mitrate
contamination so that appropriate re-
mediation techniques can be em-
ployed.
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UGS Tech-Transfer Activities are in Full Swing
at Recent Petroleum Industry Meeting

by Roger L. Bon

Ihe UGS mounted a major techmolo-
gy-tramsfer effort for three UGS/ in-
dustry cooperative petroleum pro-
grams at the American Assoctation of
Petroleim u'u'-l-:l;.;nh [AAPG) Bock ¥
Mountain Section Mecting and Exhi
bitiom held in Beno, Mevada, July 16 -
19, The meeting was a gathering of
petroleum exploration geologists from
l'."||:'|.'-|.|!.;|'u1|.|.|: the western United States
The three programs (Ferron Sand-
stoni, Bluebell, and Paradox Basin,
sponsored by the US. Department of
Energy (DOE), are designed Lo in-
crease reserves and productivity of
existing oil fields and develop new
technologies for finding additional
petroleum

lech-transter activities at the AAPG
meeting consisted of: (1) oral and
poster presentations on individual
programs, (2) an exhibit illustrating
current PIOEress om each F'T'."L." TaTT,
amd (3} release of the latest issue of
Petroleum MNews, a newsletber orient-
ed to the oil and gas industry. Work-
shops, field reviews, and specal sym-
posia are additional activities that
have taken place or are being planned
as part of the tech-transter effort.

Ten Ferron Sandstone and Bluebell
presentations were given at the maet
ing, including a series of oral presen-
tations describing the “results to
date” of the Ferron Sandstone pro-
Eram. The focus of the }1r|.'=\.|.'|:'|l:.||||||1--
Was On reservolr charac teriFation,
new field methods, and sequence
stratigraphy, Oral and poster presen-
tations for the Bluebell program fo-

cused on reservoir characterization
Equipped with high-tech illustrations
amd a wealth of data _r_-:'l'ln.'l.'lh i |'l_'.
e program, the tech-transfer exhab
it unveiled its “new look.” The exhib
it highlighted progress on each of the
three programs, utilizing computer-
generated lithologic sections, deposi-
tion and reservoir models, sedsmis
profiles, block diagrams, and program
location maps

The AAG mecting also marked the
release of the latest issue of Petroleum
MNews. Im addition to the program
summrmaries, the newslotber contaime a
summary on coalbed-methane devel
opment in eastern Utah and an article
describing the results of a very suc-
ceaful weater-flood project idMonu-
[hi
mewsletter gl includes a ||~.r11'|;._'| of
wiell locations for cuttings and core
samples that have recently been do-
nated to the UGS Sample Library.

mient Butti) in the Uinta Baszin,

“With new data and new ideas |:1|'|||_!'I
generated from each program almost
daily, our goal is to synthesize and
transfer these data and the resullant

new technologies in an efficient and
expedient manner to all interested
parties,” said Roger Bon, technology
Through these
research and demonstration pro-

transfer conrdinator.

grams, we can have a positive effect
on the on-going effort o curly our na-
tion's and our state’s declining oil
production and reserves.”

For additional information on the pro-
grams or to receive a copy of Petrole-
um Miews contact IQ:'-!_:_u'-r B at 8001 -

H67 79T

You can also downlond e newsietter
frous Mt fumewenrstete ntaes. Look for
LGS, amd wnder Off Padcl wou "I fimg Pe-

troleusm News and other energy-related

Frormrad e
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Geologic information:
Although the rocks at this site
are commonly called onyx
lon’-iks) or onyx marble, they
are molb true ony. Truse OnVE 18
|_'|.'I!I'a|'|l."|-|:"'.'|l'|dw.1 1']'|.!|]|._'v|,-:_!1,|11:.'. a
cryptocrystalline (microscopic
crystals) va riety of quartz. The
Mt Mebo |.‘|E|:H:!|'-|I|! consists of
reddish-orange and cream-col-
ored banded caleite, Caleibe 15
composed of calcium carbonate
(CaCO3). Banded calcite forms
when calcium carbonate pre-
cipitates {separates out) from a
solution of dissolved calcium
carbonate and ground water.
-I_I'Il." I.'-\II."'iI.II"I"I. i.'-h'l'ﬂ !ll'|||1 I‘I_' 15 1." =
posited within a large opening
or fissure in the mother rock
and parallel bands are created
as additional calcium carbonate
precipitates. The color differ-
ences between bands are prob-
ably caused by slight changes
in the chemical composition of

“Onyx” near Mount Nebo,
Juab County

by Christine M. Wilkerson

ground water during precipita-
tior. The Bt MNeba Banded
calcite can be polished and is
used for decorative objects,
such as bookends.

How to get there: Travel about 5
miles east of Nephi on State Highway
132 to the Mt. Nebo Scenic Loop inter-
section. Turm north (left) onto the M.
Mebo road and travel approximately 3
miles until vou reach the turnoff to
the Mt Mebo Scenic Loop. Stop and
parh: in the open SPace on thi wie=st
(left) side of the main road

fard sfores,

"{Z'lrll.. v Tandal calcile .';l.'l|r'l|'.'= fitter N grovind af deposil Hear
Mi. Nebo, This younrg rockfiournd is collecting @ pariety of color-

Where to collect: Walk abowt 0.2
miles up the M. Nebo Scenic Loop
road until you see faint tracks on the
northwest (left side of road), Follow
the trail uphill about 0.5 miles to the
collecting site, a red and white knoll
west (left) of the trail. Go around to
the other side of this knoll for the best
collecting. Mumerous large and small
rock samples litter the ground on the
wieet side of the knoll. To remove a

Virme of the soutfern Wasahch Rnll_._:r in Brckgrownd

sample from the outcrop yvou
will need a rock hammer or a
hammer and chisel. Please re-
member to wear vour safety
glasses,

Useful maps: MNephi 1:100,000-
scale topographic map, Nebo
Basin 7.5-minute topographic
g, .|.|:|||.| Hl '.,:l:.l]'l |||H|"|'.\.'.!j.-'
map. Topographic maps can
be obtained from the Utah Ge-
ological Survey, 2363 South
Foothill Drive, Salt Lake City,
UT B4109-1491, (801} 467-0401.

Land ownership: Uinta Ma-
tional Forest.

Collecting rules: The casual
rockhound or collector may
take small amounts of gem-
stones and rocks from unre-
stricted federal lands in Utah
without obtaining a special
permit if collection is for per-
sonal, non-commercial purpos-
&5, Collection in large quanti-
ties or for commercial purpos-
o5 requires a permit, lease, or
license

Miscellameous: Beautiful
wildflowers make spring a good sea-
son b visit this deposit. A hat, hiking
shoes, and water are recommended.
Brimg a rock hammer and protective
eyewear if vou intend to break pieces
of rock. Please carry out vour trash.
Hawve fun L"vll]]tll."ll.:'lul.';!

The Rockkourder can be found af
hettp: (e e ghate.ul s, Just fook for
our page, Lteh Geslogical Survey,
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The Zion Canyon Landslide,
Zion National Park

by Barry [. Solomon

On April 12, 1995, a landslide on the
wes] bank of the Morth Fork of the
Yirgin River in Zion Canyon, Zion
Mational Park, dammed the river and
formed a pond about 20 feet (6 m)
deep. About 1,000 campers were
evacuated from the Watchman and
South campgrounds downstream in
cage sudden dam falure cavsed
flooding, Drinking-water supplies
were temporarily disrupted in the
campgrounds and in the town of
Springdale, 3 miles (5 km) south of
the landslide. The river gradually cut
around the toe of the alide and
drained the pond, but caused no
downstream fooding, As the river
flowed around the slide it eroded the
east river bank and washed out a &00-
fooot (180 mi) =echion of the ._h:_iiill;'-l_-ni'
Ziom Canvon Scenic Drive, The road
provides the only access to fion
Ln-:lgn, where more than 300 guests
and lodge employees were stranded
without water, sewer, electricity, or
pl:'l.-l'n:I'IE' service. A one-lame, ll,-1‘|‘|]_'u_1r.,:r_l,r
road was cut into the slope cast of the
landslide, on the east side of the river,
to evacuate people from the lodge.

The landslide moved southeast from
the face of Sand Bench, a al0-foot {158(
m } bluff at the base of a promiment
sandstone cliff. The cliff rises another
2,200 feet (670 m) to an elevation of
7043 feet (2,147 m) at the peak of The
Sentinel. Prehistoric landslide de-
posits form the bulk of the bluff, The
1995 landslicde is the latest in a seTies
of historical slope failures in the pre-

historic landslide.
Previous re-
searchers noted
two “major slides”

in the older slide |
mass, one in 1923
and the other in

1941, Another
landslide report-
edly happened
here during the
Richter magnitude |
(b4, 1 5.8 earth- I

qu.!'kt: if &'plurn-
ber 2, 1992, That
earthquake, with
an epicenter 5
miles (8 ki)

souitheast of S,

George, also trig-

H
gered a large I i S .
landslide in o ' ! i
Springdale. E-rnnl B e— — I

The 19495 land-
slide is a complex
glidde with an
carth slump at its
head and an earth flow at its toe, The
slide mass measures roughly 500 feet
(130 m) from the main scarp to the
towe, and 1= about 150 feet (45 m) wide,
The total volume of material involved
is about 110,00 cubic vards (84,000
m*). The landslide has a clearly de-
fined main scarp as high as 75 feet (23
ml, and a sharp secondary scarp
about 30 feet high (9 m), indicating
that the upper part of the landslide
moved in bwo coherent pieces.

torie damlslvade mear T

The lardsdide of Aprel 12, 1995, and o geveralized ouefline of the prehis-

he Sendinel, Laon Canpon.

Increased precipitation apparently
tIIHHl,':I't"lj the landslide. T"m:ipitaiinn
was 189 percent of average for the
water year through April 14, 1995 in
the Dixie region. Weather records
fromm Zion Mational Park show no
'|_'.lrv|_'|;_'||'|:|l..'||‘i|_rr| i l.'ml}' A.]:‘Ell‘”. immedi-
ately prior to the landshde, but pre-
cipitation was much higher than aver-
age during March. Average precipita-
tiom im March is 280 inches (7.11 cm},
bust 5.73 inches (14.55 cm) fell during
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that month in 1995

ing in 106 inches (2.69 cmb of precipi-
tation on March &, 1995

Increased tourism in Zion Mational
I'ark and rapid development in the
town of Springdale at the park’s
southern entrance highlight a critical

need to evaluate the long-term land
alide hazard in Zion Canvon. The
Utah Geological Survey, with the co-
operation and financial assistance of

SMuch of this, 3.40
inches (8.64 cm), fell during a six-day
period early in the month, culminat-

Erodnoie damiags fo
b Cartpon Scei
Dirive, udrich origi
rutily san fheough
the cender of the pic
PP @IWRN [ [hre
Pl FITRT COMPS?
The handslide dis
maced Hhe Nortih
Fork of the Virgin
Brpwer from the qoesd
sl b B emist il
af Five comrwom, e
onstrcHim pquip
et CRES an eoer
grrcy road imdo the

wdaarend slopy

Springdale and the Utah Permanent
Community Impact Fund Board, 15
conducting an evaluation of all geo-
logzic hazards, including landshides, in
thie tovwm in lower Sion Canvon, The
U5, Geological Survey is proposing a
program o evaluate the long-term
landslide harard in upper Zion
Canvon in Zion Mabional Park, These
efforts will significantly contribute to
ensuring the satety of residents and
tourists from landslide and other geo-
logic hazards in southwestern Lltah.,

Harry Sodoroen 15 _-_:.'.l.':-_-__rl-! in Hhe
1ppilied Geology Program af the
LItah Geologi-

cal Surpey. He

Jrag 1 yprrs

HAIFK | '|I”|'|.'

PHICE % & erolo
gist, moluding
7 years as wn
Engincering ge-
el Jff thie
Litak C :I'l'll'_",'-'

cal Survey and |

a3 years of pri
i ETTETHEEFIN g, .'.\.':'.'.II|.'.\.'|'. al consnll-

e FIrs i aopithersy California,
i |I.':|"\- @ hA .|l.'
eree i sreodoiry from Phe Ulnipersity
of Californm, Saerfa Bartarra, aod ait

(W, and Teras

M.5. degree im geology from Sam
Jose Skale Universify. Barry has
priblished extensively in the field of
_-_:.1I|'--_-_:_|-'_ dand a8 crrrend I'_|.' imoolped
trr studies of B _-._'.;'.'.':l_-._'l., Iazards of
Sperimgaliale, Litah, Hhre sibe of a di
structioe landslide cansed by the 5§,

Lo g edr thaueake of 1992, and the

sprficiel i '.lll:'-:_h' of the West Cache
faulf zone, Cache Coirty, Ltk ”

Utah Museum of Natural History
1996 Winter Lecture Series

Wiednesday, February 2

‘Wiednesoay, Febinuare 28

Thursday, March 7

Wieddnewday, March 13

Timse: Al lechiges

LTAH: A TREASLRE CHEST OF DINOSALRS

Dan Chure, Dinosawr MNational SMonumiend

THE REALTILRASSIC PARK™-NEW IDEAS ABOUT DINDSALRS
Dr, Kevin Padian, University of Californaa, Berkeley

DINDSALAS: FROM MONSTERS TO BIRDS
O, ok B, Horner, Museum of the Rockes

OINOSALR EXTINCTION: MYTHS, CONTROVERSIES, & FALTS
. |, Davidd Archibsald, Univesrsite of Californ, San Dieso

e A= Audsorm, 1530 E, Sogitho Lampias L2

Lescatlon: Liniversaty of Lhah

Admission; 5500 per bectune
UMNH Members  AMuseum members n

* For more information, please call 581-6928.

Co-sponsored by The Utah Geological Survey

f OUPCaED 4 serhps Boker Tod 5150
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Bluebell Project to Test
Well-Completion Techniques

by Craig D. Morgan and Bryce T. Tripp

The U.5. Department of Energy ap-
proved funding of Budget Period I of
the Ltah Geological Survey's Bluebell
project to begin October 1, 1995, The
Bluebell project is a five-vear study
designed to demonstrate “increased
oil production and reserves from im-
proved completion techmiques in the
Bluebell feld, Uinta Bazin, Lah.”
Completion technigues are various
mechanical and chemical treatments
af a well to increase the amount of
petroleum produced. These tech-
niques are used immediately after the
well is drilled and periodically after it
has produced for some time (kermed a
recompletion),

Budget Period 1 was the reservoir-
characterization phase of the project.
Keservoir characterization consisled
of studying the geology and engineer-
ing characteristics of the rocks in pro-
ducing wells and similar rocks in out-
crop. Also, past completion practices
were studied. These data were used
to develop what is hoped to be better
geclogic formation evaluation prac-
tices and better well-completion tech-
niques. Budget Period [1 will be a
demonstration of these techniques in
recompleting two wells and drilling
and completing a third well,

Budget Period | outcrop studies, sub-
surface studies, and engineering stud-
ies by the Bluebell project team yield-
ed or may soon yield several specific
results which could help improve
completion techniques used in future

oil drilling in the Bluebell field. Sev-
eral ideas being tested are described
below.

1) Examination of outcrop and core
shows that the potentially most pro-
ductive reservoir rock types in the
Green River and Wasatch Formations
are arenites (clean sandstones) which
commaonly have the degree of porosi-
tv and permeability necessary to pro-
duce fluid. Intergranular permeabili-
ties of greater than 0.1 millidarcies (a
minimum cuboff value for a good
reservoir) oocur only when intergran-
ular porosity is greater than 5 percent
and clay content is 4 percent or less.
Since clay content lowers porosity
and permeability, geologists typically
estimate clay content (a naturally ra-
dipactive material) by examining total
gamma-ray count curves on well logs.
However, project geologists have
shown that total gamma-ray curves
are poor indicators of clay content in
Bluebell field rocks because any ura-
nium present also contributes to the
total gamma-ray count and varies in-
dependently of clay content. The
Wasatch Formation generally con-
tains less clay than the Green River
Formation.

21 Analysis of cutcrop, core samples,
and well logs shows that all potential
reservoir rock tvpes are moderately
fractured, and that fracture density is
not depth related, but fracture direc-
tion is depth related. Two fracture
sets, roughly at right angles to each

SURVEY MOTES

other, occur at the surface, but in the
subsurface fractures tend to be orient-
ed NW-SE at shallow depths and E-W
at deeper horizons. Most fractures in
the Bluebell cores are %) percent or
maore calcite filled, Knowing the frac-
ture orientation and fracture density
is crucial in designing drilling and
completion programs in the Bluebell
field because oil tends to flow from
fractures into wells that inbersect the
fractures,

3) Homogenous (unfractured) reser-
voir-simulation modelling of the
hdichelle Ute and Malnar Pike wells
(two wells studied for possible re-
completion during Budget Phase I1 of
the contract) showed that the wells
drain only a 400-foot radius volume
of the reservoir. Even in the 400-foot
radius volume, the remaining oil sat-
urations are fairly high. This means
that even though there is a great deal
of oil still in the reservoir, unless the
permeabilities are artificially en-
hanced, the oil cannot be recovered
economically.

4) In the Michelle Ute and Malnar
Pike wells, additional geologic strata
were perforated over a period of
years after the initial completion to
offset declining production. In both
wells the first set of perforations pro-
duced most of the oil. It may be that
chemical reactions, which cause plug-
ging of fractures and pore space, con-
tinue in the unperforated rock wall of
the drill hole even after the metal
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tube limer 15 installed. Therefore,
whien they are eventually perforated,
these zones do not produce as much
as the initially opened zones or, the
chemical and mechanical treatments
of the well by engineers become less
effective as more beds are perforated.

51 Fractured-reservoir simulations
showed a radius of influence of the
weell on the reservoir of about 1,000
feet. Most wells in this part of the
Bluebell field are drilled at one-well-
per-square mile spacing, therefore lit-
the of the oil-in-place is currently
being drained. Information of this
tvpe is important to regulatory agen-
cies who determine well spacing for
optimum petroleum production,

are being evaluated by Bluebell team
members; findings from these studies
will be used in choosing fluids, addi-
Hves, volimes, and rates for the stim-
ulation treatments scheduled for Bud-
get Period I1 of the Bluebell project.

8) Cased-hole geophysical logs will be
run in the demonstration wells, gen-
erating data to be used with other in-
formation to select individual bads for
stimulation using an extended-reach,
hydro-jet lance tool. This tool can be
used to drill horizontally as much as
10} feet into selected beds. This tech-
nique may improve future production
from Bluebell wells by opening more
productive surface area in specific
zones of the oil well and providing a

13

fluid pathway through the zone of
formation damage (a zone in the drill
hole of low porosity and permeability
with accompanying poor petroleum
production, usually caused by me-
chanical and chemical processes).,

The Bluebell field has large petroleum
resources that can be more efficiently
produced. Improved completion and
recompletion techniques developed in
the Bluebell project can help prevent
premature abandonment of wells that
are now only marginally profitable.

This article and others relafed to energy
can be found at kttp:/fwune nr.shabe.atus.
Look for LGS and O Patch.

&) Recent work by
Coastal Ohl and Gas
{AMNRE Production)

in the neighboring
Altamont oil feld
has shown that
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Student Volunteer opportunities

Are there any outstanding high-school students out there
who would like to volunteer some time during their sum-
mer to help a geologistis}? Such an experience can be fun
and rewarding. Last summer, we had the help of Brad
Dhidericksen from West Jordan High School. Brad was
able te go on field trips, work on computer programs and
data input, see the Wasatch fault up close ina trench, and
do some drafting, among other things, Apparently, Brad
(who is now a senior at West Jordan) had so much fun
that he is continuing to work for one of the Utah Geologi-
cal Survey (UGS) geologists as part of his Independent
Studies course in geology this school year. The project in-
volves plotting and mapping data to help determine the
laberal extent of part of the Ferron Sandstone, The LGS
“Ferron Sandstone project” aims to develop better maodels
of river and delta sandstones and shales im order to in-
crease oil and gas production from similar deposits. [F any
teachers have interested and outstanding students in the
earth sciences, contact me at 467-7970 about volunteer op-
portunities at the LGS,

Topographic maps

The U5 Geological Survey (US0G5) has increased the price
of their topographic maps to 34.00 and the UGS has had to
fosl o sunek. But the UGS offers teachers a 200% diseount on
most purchases, so maps may be bought for $3.20,

Check it out!

A dimesaur teaching kit is one of the many items available
for teachers to check out from the Utah State Historical So-
ciety, The kit consists of authentic and cast specimens,
slides, publications, and other teaching aids. It can be
used by all age levels, but is most suited for preschool
through elementary grade levels, Background information
on Utah's dinosaurs and their discovery, as well as ideas
and suggestions for using the items in the kit are included.
The focus of the kit is on Utah during the time of the di-
NOSAUTS,

The kit may be reserved in advance, and must be picked
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Teacher’s Corner

By Sandy Eldredge

Other maps

The UGS now carries several other mhaps of educational in-
ferest:

L5, Shaded Eelief Map, USGS National Atlas Sertes.
Color relief map showing U5, landforms, measures 28"
x 187, 54.00 ($3.20 with teacher discount).

Utah Shaded Relief Maps, Experimental Digital Shaded-
Relief Maps of Utah, US0S Map 1-1847, 151,000,000
scale. Two maps - one map is color-coded by elevation
and includes towns, roads, and counties; the other map
is shaded grav to display landforms. Each sheet mea-
sures 207 x 307 (actual map is smaller),  $4.00 (53.20
with teacher discount).

This Dymamic Plane!, world map of volcanoes, earth-
quakes, impact craters, and plate tectonics, USGS and
others, 1994 edition. Shows Earth’s physiographic fea-
tures, the current movements of (ks major tectonic
plates, and the locations of its volcanoes, earthquakes,
and impact craters. Includes descriptions of plate
boundaries. Measures 387 x 417, 54.00 (83,20 with
tesacheer discount).

Sales hours are 00 =« 500 Monday through Friday. Or call
4670401 to place an order. To obtain your teacher dis-
count, please identify the school you work for,

This sevies of articles for leachers, plus other imformation, can be
foaeerd ab kitp:ffutsldpoew state ol s/ =ugstoormer. dikm

up and returned by the user to the Utah State Historical
Society Library in the Denver and Rio Grande Train Depot
(300 Fio Grande, Salt Lake City, Utah, 84101} during Tuasi-
ness hours (Tuesday - Friday 10:00 - 5:00 and Saturday
1000 - 2:00). There are no fees, but a £25.00 refundable de-
posit is required. Other teaching kits, in-

cluding a new one on Ltah's mining
history, as well as video tapes,
photograph exhibits, and trav-
elling exhibits, are also
available for check out. To
receive a free catalog, give
theem a call at B01-533-3536.




Survey News

Contract Awarded

UGS is part of a consortium, headed
by the Salt Lake City firmn of Terra
Tek, that was just awarded a contract
Fromm the LIS, | lepartment of |'||-.'|;.!_:-.
foar 2 F1.-|'-|1|'-~..|| “Advanced fracture
masdeling in the Uinta Basin for opt
mized primary and secondary necoy
ery.” The UGS portion has Craig Mor
gan as project manager. University of
Utah, Uniwver Sty ol L alifornia Berke-
lew, and a consulting company are

q.|I|||'r I"-!T'.IIIL'I'\-.

STATEMAP Funding

[he USG5 has awarded the LGS
$125,000) this vear for coop gealogic
mapping in Utah. This is the 6th
|||!:||q--.l: ANt grven 1o any slate amd
is significantly higher than our previ-
s awarcds of =038 1HH)

Reorganization

[hie Creologic Extension Servioe and
FPaleontoloey / Palk |_u_.._|i|-.._'|'., section are
upgraded to Program status effective
Diseember 18, UGS now has 5 pro-
ETaAImS ||||,I||-.I|||!: "r|'|'-|u'r| ".1.||'-|'-|||_.'.
and Economic. Kimm Harty and
David Madsen will continue as man-
agers of thedr programs. This decision
was made after consultation with the

LGS Board, the Legislature staff, and

L K Admanistration

Employee News

Jim Springer is the new public infor
mation officer for thie Utah ( .-,'n'-|-.|;._'||._.'||
Survey. A ;._'|T.'||_‘|I_I_I||_' of the Llmnversity
of Utah, he spent 200 years in Salt Lake
area broadcasting, 15 years as the
morning personality on radio stabion
ESFL FM-100 |u._'.l."..-';':1r|\1«._1._'.hlll1|;
i 1997 . hie went to work tor the Dy
partment of Lefense a5 a 31'.||:1||. it
tairs officer. While stationed in At-
lanta, € MOrEL, [im formied paart of a
team handling media relations during

Operation Desert Storm and the Los
Angeles riots following the Rodney
King verdict. In addition to the UGS,
Jim alse provides public information
services for the divisions of Sovereign
Lands and Fore w-I::-. and Oil, Gas and
Mining.

Hugh Hurlow is a new geologist in
the Applied Section, working on the
geology of Washington County and its
relation Lo ground-water conditions
Hugh was a Visiting Assistant Protes
sof at the University of Montana be
fore mowving to Salt Lake City with his
wille, Marilyn, and son, Evan. Hugh
received his Ph.lV in geclogy from the
University of Washingtom in 19492

Snyder, is working on a one-year
ground-water project ending in May
He is mapping recharge and dis
charge areas for Sanpete Valley
Oeden Valley, the southern Sevier
Desert, and Castle Valley, He plans
to enter graduate school in geology
next fall

Charles Williamson is a new geolosh
aid working in the Mapping Section
at the Utah Ceeological Survey, He s
a recent graduate in geology from the
University of L'tah and plans om at
temiding graduate school in the near
ture.

Utah GPS Users Group

in cooperation with the

Kimberly Waite 12 working in the
Econamic Section at the UGS as a geo
technician., She is from Farmington,
Mow Moo, and wall bs :-'.:-l'-1ll-l|---“-H
troom Brigham "n'\-llll!: Lniversity with
a Masters Depres in !:-:'h.l'.u'-.'_l. in .-‘l.}'-l'il.

Kelli Bacon is the nesw revenue tech
working in the UGS bookstore. A
_|.'.T.'|l.‘|l.l.||:l.' ot |:L'|'-||';.;'-. froim the Univer-
sity of Litah, =he prey '.|'-||-'.:-. worked
for LTS and as a ||I-.';.'Il.'..||-.1 -'-'-.i|'|'||'|'|i|'|:|.'.
instructor for Salt Lake County.

Dan Kivers works in the UGS book
store, He recelved his BS. in geology
from the College of Charleston in
Charleston, South Carolina and
worked for three vears for the South
Carclina Coastal Council on a barmier
island erosion migration study before
coming o Utah

Bon Voyage!
Mike Ross, after several vears in the

Mapping group, went to EEM-5outh
rated in Houston - back

wiest [ncor

homie again!

Bill Mulvey left to attend school at
Morth Carolina State in Raleigh. He
wiorked on a multibude of projects
with the Applied group.

LUtah Geographic Information Council

presents

March 4, 5, 6, 1996
Q00 a,m, - 4030 pom,
Utah Valley State College

O, Ultah

GPS Training Conference

For more il"‘".l:l""l'l.;'||ll':-|'| contact:
[l M aw
Utah County Survevor’'s CHTice

[BOT) 370-HbB260
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New Publications of the UGS

f'rEﬂ]nBi{' map of thie Hildale L]uﬂdr.,!ﬁgll;-. \l"-'.!._-:hithm ancd
Kane Counties, Utah and Mohave County, Arizona by
E.G. Sable, 14 p., 2 pl., 1:24,000, 1995 Map 167 . . $6.00

Radon-hazard potential of the southern 5t George basin,
Washington County, and Ogden Valley, Weber Coun-
ty, Utah by B.]. Solomon, 42 p., 1995, 55-87.. ... 2595

Bluebell field drill-hole database, Duchesne and Uintakh
Counties, Utah by C.D. Morgan, DA, Sprinkel, and
KA. Waite, 23 Pl diskette, 1995 CO0DF .. ... 25305

Geologic map of the Fountain Green South quadrangle,
Sanpete and Juab Counties, Utah by AW. Fong, 18 p.,
2pl, 1224000, 1995 MPS5-1................. G600

Geologic map of the New Harmony quadrangle, Washing-
ton County, Utah b].' 5K, Grant, 14 p., 2 pl 1:24,000,
1995 MP-95-2, . Do o . S6,00

Geologic map of the Richmond quadrangle, Cache Coun-
ty, Utah and Franklin County, Idaho by Jon Brummer
and J. McCalpin, 22 p., 2 pl., 1:24,000, 1995
B9S2 . oovevnarsarnasstonsnsrassnssanns $6.00

A collector's guide to rock, mineral & fossil localities of
LUtah by LR, Wilson, 148 p. + color insert, 1995 M-

County, Utah by B.]. Solomon and B.D. Black, 134 p.,
56 pl.. 1:24,000, Oct95
OFE-318. v oo SO0 Chext 510000, plates $1.50 ea)

Interim geologic map of the Moab quadrangle, Grand
County, Utah by H.H. Doelling, M.L. Ross, and W.E.
Mulvey, 141 p., 2 pl, 1:24,000, OFR-322 .. ... 524.00

Interim geologic map of the St George quadrangle, Wash-
i_ng_h_m I:'uunl.'_l.-'_ Ltah l|_'|3r I.M- Hll.;ﬁinﬁ and G.C. Willis,
108 p, 2pl, 1:24,000, OFR-323..............51200

Interim geologic map of the Washington quadrangle,
Washington County, Utah by G.C, Willis and [.M.
Higgins, 108 p, 2 pl, 1:24,000, OFR-324 ,.....812.00

4l and gas pipeline map of Utah, by T.C. Chidsey |r and
P B, Anderson, 7795, 1 disk (in Autolad 12 format)
Lo e e . S20.00

Seismic source evaluation of the Salt Lake City segment of
the Wasatch fault zone, central Wasatch Front, Utah
by B.I. Black and W.E. Lund, 36 p., 8 ]:l-|.. 10495
OFR-328 . e e s

Guide to authors of geologic maps and text booklets of the
Litah Geological Survey, by H. H. D-rue]]:ng and L. L

o 5,00

- T .. 38,95 ($9.95 for spiral bound) Willis, 98p., C-89 .. $7.95
Geologic hazards and land-use planning for Tooele Valley {Access to our publications list is apailable at
and the West Desert Hazardous Industry Area, Tooele Ity futstd purow state ut.us/~ugs/bookstor Jrtm)
o or Fax onder ko
SALES
Utah Geological Survey
363 South Foothll Drive GRIANTITY ITEM DESCRIPTION ITEM COST TOTALE
Zall Laka City, Utah 841081451 E—
Tetaphone: (BO1) 4670401
Fax: (B0} 4E67-4070
nfugs geostore @ amail state. ul.us
Shipping Rales
Totsl pre-iax order  Shipgang/
amecaint Handing
0 -$% 500 $2.00
$ 501 - 510.00 $3.00
$1001 - 52000 $4.00
$ 3000 - 53000 3500 |
$30.00 - %8000 $0.00 .
$ 5001 - $00.00 §7.00
$I00.01 - and up $0.00
Name Furchase | Subiotal
Address Litsh reasients
a5k 6 125% sans
City Stale Zip . -
Alea # Exg. Date gxk ipping/Handling|
Signature Can | TOTAL
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Other Publications of Interest

(Mot available from LGS)

A direct-curment resistivity survey of
the Beaver Dam Wash drainage in
southiwest Utah, southeast Meva-
da, and northwest Arizona, by
A A, Zohdy and others, 1994:
LUSGS OFR-94-676

Geologic map of the Scarecrow Peak
quadrangle, Washington County,
Utah and Lincoln County, Neva-
da, by L.F. Hintze and G.]. Axen,
19495, USCS GO-1759

Lravity and basin-depth maps of the
Basin and Range Province, west-
ern United States, by B.W, Saltus
and R.C. Jachens, 1995: USGS GP-
1012

Leologic map of the Price 1 x 2 degree
quadrangle, Utah, by [.]. Witkind,
1905: LISGS [-2462

Western frontal fault of the E.,:n'_l.-'l.m
Range - is it the breakaway zone
of the Sevier Desert detachment?,
by LK. Otton, 19495: Geology, v.
23, iy

Salt budget for the West Pond, Utah,
April 1987 to June 1989, by S.R.
Wold and KM, Waddell, 1994;
LISGS WRI-93-4028

Hydrogeology of recharge areas and
water quality of the principal
aquiters along the Wasatch Front
and adjacent areas, by P.B. Ander-
son and others, 1994: USGS WEI-
934221

Analvtical data, sample localibies, and
basic statistical data for streams
sediment, heavy-mineral- concen-
trate, magnetite, and rock samples
collected from the CGoshute Indian
Reservation, Mevada and Utah,
by R.G. Eppinger and others,
1964; LISGS OF-94-270A and B

Magnetotelluric data on and near the
Goshute Indian Eeservation, Utah

and Mevada, by LA, Sampson,
1994:; LS0E OF-94-296

Lravity, magnetic, and physical prop-
erty data of the Deep Creek
Range and vicinity, castern Meva-
da and western Utah, by DUA,
Ponce and V.E. Langenheim,
19493 US(S (OF-93-3974A and B

Utah areas of oil and gas production,
by E.F. Mast and others, 1994:
LISGS OF-94-221

Preliminary geologic map of the Pan-
guitch quadrangle, Garfield
County, Utah, by D.W. Moore
and AW. Straub, 1995 USES OF-
a5-9

Geologic map of Kious Spring and
Garrison 7.5° quadrangles, White
Pine County, Mevada and Millard
County, Utah, by ALl Mogrew
and E.L. Miller, 1995; USGS OF-
Q5-10

Pink topaz from the Thomas Range,
Juab County, Utah, by E.E. Ford
and others, 1995 The Mineralogi-
cal Record, v, 26, o, 1

Eocene extension of early Eocene la-
custrine strata, in a complexly de-
formed Sevier- Laramide hinter-
land, northwest Lltah and north-
east Mevada by C. Potter and
others: Geology v. 23, no, 2, Feb,
1995, p. 181-184.

Green River petroleum system, Uinta
Basin, Utah, US.A., by T.D. Fouch
and others: AAPG Memair 60,
1994, p. 399421

The robe of =alt in the structural devel-
opment of central Utah, by 1]
Witkind, 194, 145 P USLS Pro-
tessional Faper 1528,

Hydrogeology of Jurassic and Triassic
wetlands in the Colorado Plateaw
and origin of tabular sandstone

uranium deposits by R.F. Sanford,
1994, 40 p., USGS Professional
Faper 1548.

Solution-collapse breccia pipes of
Spanish Valley, southeastern
Utah, by G.W, Weir and others,
1994, 33 p., 1 pl.. USGS Open-File
Keport 94-(417.

Bibliography of U5, Geological Sur-
vey waler-resources reports for
Utah, 1886-1993 by E.E. Hardy
and 5.L. Dragos, 1994, 74 p.,
LSGS Open-File Report 94-0309,

Stratigraphic and time-stratigraphic
cross sections; a north-south
transet from near the Uinta
Mountain axis across the Basin
and Eange transition zone to the
western margin of the San Bafael
Swell, by DA, Sprinkel, 1994,
U505 Miscellaneous Investigation
Map Z184-I2, 31 p.; 2 sheets.

Ceologic map of the Hatch Rock
Cuadrangle, San Juan County,
Litah, by G.W. Weir and others,
1994, 13 p, 1 pl., 1:62,500, USGS
Geologic Quadrangle 1722.

Correlation of the West Canyon, Lake
Point, and Bannock Peak lime-
stones (Upper Mississippian o
Middle Pennsylvanian}, basal for-
maticns of the Oquirrh Group,
northern Utah and southeastern
Idaho, by LLE. Davis and T.5,
Dvman, U5, Geological Survey,
1994, 30 p., 1 pl, B 2088,

Determination of hydrologic proper-
ties needed to caloulate average
linear velocity and travel tiome of
ground water in the principal
aquifer underlying southeastern
Salt Lake Valley, by G,
FI‘I"I"'"H'_'.-‘ and others, 19494, 30 P..
WEI 924085



A Collector’s Guide to

Rock, Mineral, & Fossil
Localities of Utah .
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R. Wil - iy
by James S0n s _:;

* County by county mﬁ;age L’h

* Numerous color photos 5
* Geologic background included
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Utah Geological Survey Bookstore
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Cover photo: Spring flowing from the Weber Quarizite in Big Cottonwood Canyon.
Photo by Gary Christenson.
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